
 

 

Effect of Phosphorus and Boron on Growth and Yield of Foxtail 

Millet(Setariaitalica) 

 

Abstract 

 

A field experiment was conducted “Effect of Phosphorus and Boron on Growth 

andYieldofFoxtailmillet(Setariaitalica)”duringtherainyseason(Kharif)of2021.Theexperiment

wasconductedinRandomizedBlockDesignconsistingof3replicationsand9treatmentscomprising 

three levels of phosphorus and boron (viz. P at 25, 30, 35kg/ha respectively and B at1.5, 3.0, 

4.5 kg/ha respectively) at the CRF (Crop Research Farm) SHIATS, Department 

ofAgronomy,NainiAgriculturalInstitute,SamHigginbottomUniversityofAgriculture,Technology 

and Sciences, Prayagraj, Uttar Pradesh. The soil of the experiment plot was 

sandyloamintexture,nearlyneutralinsoilreaction(pH6.9),lowinorganiccarbon(0.112%),availablen

itrogen(278.93kg/ha),availablephosphorus(10.8kg/ha)andavailablepotassium(206.4kg/ha).The 

treatments comprised T1 – 25 kg P/ha + 1.5 kg B/ha, T2 – 25 kg P/ha + 3.0 kg B/ha, T3 – 25kg 

P/ha + 4.5 kg B/ha, T4 – 30 kg P/ha + 1.5 kg B/ha, T5 – 30 kg P/ha + 3.0 kg B/ha, T6 – 30 

kgP/ha+4.5kgB/ha,T7–35kgP/ha+1.5kgB/ha,T8–35kgP/ha+3.0kgB/ha,T9–35kgP/ha 

+4.5kgB/ha.Applicationof35kgP/ha+4.5kg B/harecordedhighestplantheight(113.65cm),number 

of tillers/m2 (66.00), plant dry weight (13.72 g/hill), number of productive tillers/m2(54.67), 

grain yield (1695.00 kg/ha), straw yield (2514.00 kg/ha). 
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Introduction 

Foxtailmillet(Setariaitalica)isoneoftheoldestcultivatedmilletsandmosteconomically 

important species of the genus Setaria. It ranks second in the total world productionof millets 

and it continues to have an important place in world agriculture providing food formillions of 

people in arid and semiarid regions. It is native to China and regarded as an elitedrought-tolerant 

crop. Andhra Pradesh, Karnataka and Tamil Nadu are the major foxtail millergrowing states in 

India contributing about 79 per cent of the total area (Munirathnamet al, 2006).Foxtail millet 

commonly known as Koralu in Andhra Pradesh. It has been popular for its 

wideradaptability,low input requirement. 
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Foxtail millet has excellent nutritional profile and is miles ahead of rice and wheat 

interms of protein, fiber, minerals and vitamins. It has good nutritive value as it is rich in 

proteins(12.3 g), carbohydrates (60.9 g), fat (4.3 g), crude fiber (8.0 g), calcium (3.1 g), vitamins 

andthiamin(50mg)per100g.ThegrainisagoodsourceofBeta-

carotene,whichistheprecursorofVitaminA(MuruganandNirmalakumari,2006).About8-

14%oilisbeingextractedfromthebranof foxtail millet, which can be used as oil after refinement 

(Munirathnametal, 2006). Unlike rice,foxtail millet release glucose steadily without affecting 

the metabolism of the human body withlowglycericindex. 

Phosphorusispresentinplantandanimalcellsandisvitaltoallplantsforharvestingthe sun's 

energy and converting it into growth and reproduction. Phosphorus is the secondimportant 

nutrient limiting agriculture production and most of the Indian soils are either 

low(or)mediuminavailable(Prasad,2000).Adequate phosphorus 

resultsinhighergrainproduction,improved 

cropquality,greaterstalkstrength,increasedrootgrowthearliercropmaturity,stimulatesflowering,aids

inseedformation,improvethequalityoffoodgrains, increase the ratio of grain to stalk, give rapid 

and vigorous start to plants, strengthenstraws and decreases lodging tendency, reduces the effects 

of excessive nitrogen. Phosphorusis also an essential constituent of majority of enzymes which 

are of great importance in thetransformation of energy, in carbohydrate metabolism, fat 

metabolism and also in respiration(catabolism of carbohydrates) in plants. It closely related to 

cell division and development.When applied to legumes, it enhances the activity of rhizobia and 

increases the formation ofroot nodules. Thus, it helps in fixing more of atmospheric nitrogen in 

root nodules. Withphosphorus deficiency, leguminous plants may simultaneously suffer from 

nitrogen as well 

aspotassiumdeficiency.Excessofphosphorusmaycauseinsomecausetraceelementdeficiencies 

(Particularly Iron and Zinc), but may at times alleviate the detrimental effects ofover-liming. 

Boron(B)isanessentialmicronutrientforplantgrowth,seeddevelopmentandcropyield.Altho

ughcerealsandmilletsgenerallylesssensitivetoBdeficiencythanpulses,itstillaffectscereals by a 

deficiency in several parts of the world. The primary role of boron appears to 

beconcernedwithcalciummetabolism,bothwithitsuptakebyrootsanditsefficientuseinplants.Tends to 

keep calcium soluble and increases its mobility in the plant. Acts as a regulator 

inpotassium/calcium ratio in the plant. Is concerned with precipitation excess cations, 

bufferaction, maintenance of conducting tissues and with regulatory effect on other elements. 

Isnecessary for translocation of sugars in plants. Helps the vascular system in roots to give 

outbranches (rootlets) to suppl nodule bacteria with carbohydrates food so that bacteria may 

notbecome parasitic.Millets grains can accumulate more amount of zinc and boron compared 
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tocereals. Hence the study is conducted to find the response of foxtail millet to different 

levelsofphosphorus and boronapplication. 

 

Materials and Methods 

            The present examination was carried out duringKharif2021 at Crop Research Farm, 

Department of Agronomy, SHUATS, Prayagraj, UP, which is located at 25.28oN latitude, 

81.54oE longitude and 98 m altitude above the mean sea level. The experiment laid out in 

Randomized Block Design which consisting of nine treatments with T1 – 25 kg P/ha + 1.5 

kg B/ha, T2 – 25 kg P/ha + 3.0 kg B/ha, T3 – 25kg P/ha + 4.5 kg B/ha, T4 – 30 kg P/ha + 

1.5 kg B/ha, T5 – 30 kg P/ha + 3.0 kg B/ha, T6 – 30 kgP/ha+4.5kgB/ha,T7–

35kgP/ha+1.5kgB/ha,T8–35kgP/ha+3.0kgB/ha,T9–35kgP/ha +4.5kgB/ha were replicated 

thrice. 

            The experimental site was uniform in topography and sandy loam in texture, nearly 

neutral in soil reaction (PH 7.1), low in Organic carbon (0.38%), medium available N (225 

kg ha-1), higher available P (19.50 kg ha-1) and medium available K (213.7 kg ha-1.The Urea 

and MOPwere applied to meet the demands of nitrogen and potassium. SSP and Borax is 

applied as per the treatments details for phosphorous and Boron.In the period from 

germination to harvest several plant growth parameters were recorded at frequent intervals 

along with it after harvest several yield parameters were recorded those parameters are 

growth parameters like plant height (cm), No. of tillers/plant andPlant dry weight (g) were 

recorded. The yield parameters like No. of productive tillers/m2, test  (kg/ha), Straw yield 

(kg/ha)and Harvest index (%)were recorded and statistically analyzed using analysis of 

variance (ANOVA) as applicable to Randomized Block Design (Gomez K.A. and Gomez 

A.A. 1984). 
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Results and Discussion 

Growth attributes 

Place of the table with the introduction sentence  

Plant height  
Significantly maximum plant height (113.65 cm) was 

recordedwithtreatment35kgP/ha+4.5kgB/ha.However,treatment35kgP/ha+3.0kgB/ha, 112.44 

cm respectively recorded statistically at par with the treatment 35 kg P/ha + 4.5 kgK/ha. 

However, lowest plant height (102.15 cm) was recorded with treatment of 25 kgP/ha+1.5 kg 

B/hain foxtail millet. Plant height of foxtail millet was influenced by the application of both 

phosphorus and boron.Plant height of Foxtail millet increased significantly with the application 

of 35 kg P/ha. At all thestages of observation, plant height was found to be increased with 

increased levels of 

phosphorus.Itcloselyrelatedtocelldivisionanddevelopment.Phosphorusisthesecondimportantnutr

ientlimitingagriculture production and most of the Indian soils are either low (or) medium in 

available (Prasad,2000). 

 

No. of Tillers/plant 

Maximum number of tillers/m2 (66.00) was recordedwith treatment 35 kg P/ha + 4.5 

kg B/ha, whereas treatment 35 kg P/ha + 3.0 kg B/ha reportedstatistically at par with the 

treatment 35 kg P/ha + 4.5 kg K/ha. However, lowest number of tillers(39.33)wasrecorded 

withtreatmentof 25 kg P/ha +1.5 kg B/ha infoxtail millet. Application of 35 kg P ha-1 recorded 

significantly higher number of tillers per meter 

lengthascomparedto30kgand25kgP/ha.Thisincreasednumberoftillersduetoapplicationof35kgP/h

awasrelatedtotheirphysiologicalroleinplantfurther,itiswellknownfact 

thatthepersistenceoftheassimilatory surface area is pre-requisite for prolonged photosynthetic 

activity, higher number 

oftillersandultimatelycropproductivity.Phosphorusisakeyconstituentofnucleicacids,phospholipi

dsandATPsandplayaroleinarrayofplantcellularprocesssuchascelldivision,energystorageandtrans

fer,respiration,photosynthesisandenzymaticregulationandtillering(Watanableet 

al.,2006;Lambers andPlaxton,2015).Muhammad Irfanetal., 2019. 

 

Plant dry weight (g/plant) 

At Harvest maximum plant dry weight (13.72 g/plant) was recorded with the treatment 

35 kgP/ha + 4.5 kg B/ha, whereas treatment 35 kg P/ha + 3.0 kg B/ha recorded statistically at 

par with thetreatment 35 kg P/ha + 4.5 kg B/ha. However, lowest plant dry weight (11.44 

g/plant) was recordedwithtreatment of 25kg P/ha+1.5 kg B/hain foxtail millet. The pre-
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requisite for getting higher yields in any crop is higher total dry matter production andit’s 

partitioning in to various plant parts. The total dry matter production of Foxtail millet 

differedsignificantly. Significantly higher dry matter production was recorded with the 

application of 35 kgP/ha as compared to 25 and 30 kg P/ha. Phosphorus is involved in seedling 

development, growing ofearly roots, early heading formation and accelerates maturity to crops 

(Alinajoatiet al., 2011) whichresults in higher dry matter production. Boron is a second most 

important micronutrient after zinc itsdeficiency impaired the biomass production by 

manipulation relative concentration of 

individualelementaswellasthebalanceamongcertainnutrientelementswithinplants(TariqandMot

t,2007). 

 

 

 

 

 

 

 

 

 

 



 

 

Table 1Effectofphosphorusandboronongrowth parameters foxtailmillet 
 

 

 

Treatments Plant height (cm) No. of 

leaves/plant 

Dry weight (g) 

1. 25 kg P/ha+1.5 kg B/ha 102.15 39.33 11.44 

2. 25 kg P/ha+3.0 kg B/ha 102.71 45.00 11.75 

3. 25 kg P/ha+4.5 kg B/ha 103.55 47.33 11.98 

4. 30 kg P/ha+1.5 kg B/ha 105.27 52.67 12.33 

5. 30 kg P/ha+3.0 kg B/ha 106.91 57.33 12.65 

6. 30 kg P/ha+4.5 kg B/ha 108.44 60.67 12.95 

7. 35 kg P/ha+1.5 kg B/ha 111.22 63.33 13.42 

8. 35 kg P/ha+3.0 kg B/ha 112.44  
65.67 

13.66 

9. 35 kg P/ha+4.5 kg B/ha 113.65 66.00 13.72 
S. EM (±) 

0.44 0.43 0.02 

CD (P = 0.05) 1.33 1.28 0.07 
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Yield attrubutes and Yield 

Insert the table of yield attributes here, announce it and separate each parameteras you 

did inGrowth attributes above  

Applicationof35kgP/ha+4.5kgB/haresultedinsignificantlyhighernumberofproductivetil

lers(54.67).However, 35kgP/ha+3.0kgB/hawerefoundtobestatisticallyonparwith35kgP/ha + 4.5 

kg B/ha. Lowest number of tillers/m2 (30.33) was recorded with treatment 25 kg P/ha + 1.5 

kgB/hain foxtail millet. The highest number of productive tillers was recorded with application 

of35 kg P/ha. Thismight be due to improved availability of required quantities of nutrients to 

produce a greater numberof tillers m2 and then converted to a greater number of productive 

tillers m2. Similar results werereported by Kalaghatagi et al. (2000) and Hasan et al. (2013). 

Application of 35 kg P/ha recordedsignificantlyhighernumberof productivetillers per 

meterlength. The statistical analysis on test weight was found to be non-significant. However, 

highest testweight (2.89 g) was recorded with treatment 35 kg P/ha + 3.0 kg B/ha and lowest 

test weight (2.82 g)wasrecordedwithtreatment25 kg P/ha+1.5 kg B/hain foxtailmillet. 

Thegrainyieldshowedincreasingtrendwiththeapplicationofphosphorusandboroninfoxtailm

illet. Significant and highest grain yield (1695.00 kg/ha) was observed under 35 kg P/ha + 4.5 

kgB/ha. However, 35 kg P/ha + 1.5 kg B/ha and 35 kg P/ha + 3.0 kg B/ha were found to be 

statisticallyonparwith35kgP/ha+4.5kgB/ha.Lowestgrainyield(1398.00/ha)wasrecordedwithappl

icationof25 kg P/ha+1.5 kg B/hain foxtail millet. The grain yield of Foxtail millet due to 

interaction effects of phosphorus and boron levels werefound significant and significantly 

higher grain yield of was recorded with the interaction of 35 kgP/ha + 4.5 kg B/ha. The 

increase in grain yield shows a positive relationship between P and B existsfor the uptake and 

utilization of P by plants to form protein and amino acids which ultimately affectthequality and 

yield of crops. Number of spikelets per spike, rate of spikelet initiation and length responded 

positively 

toappliedphosphorus(AhmadandRashid,2003).Numberoffertilityspikeletsperspikewassignifica

ntlyincreased by increasing phosphorus(Hussain et al., 2008). 

Thestrawyieldoffoxtailmilletwasalsoinfluencedbytheapplicationofphosphorusandboron.H

igheststrawyield(2514.00kg/ha)wasrecordedwith35kgP/ha+4.5kgB/ha.However,35kgP/ha +3.0 

kgB/hawerefoundto bestatistically on par with35kg P/ha+4.5kgB/ha. Lowest 

strawyield(2145.00kg/ha)wasrecorded with treatment 25kg P/ha+1.5 kg B/hain foxtail millet. 

Higherstrawyieldwasrecordedwithapplicationof35kgP/haascomparedto30kgP/ha.Thiswasduetoi

mprovedvegetativegrowthandgrowthparameters,suchas totaldrymatterproductionatharvest and 

its accumulation in different plant parts like leaf, stem and increased number of tillers 

atharvest. Similar results have been reported by Lingegowda et al. (1986), Intodia(1994)and 

Basavarajappa et al. (2002). 
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Significantlyhigherstrawyieldwasrecordedwiththeapplicationof4.5kgP/haandwhichwasat par 

with 3.0 kg B/ha. The main reason for this was boron improves the root growth, increases 

thetillering, resulting in increased amount of interception of photosynthetically active radiation 

andgreater photosynthesis by the crop and builds the cellulose and reduces lodging and besides 

more 

ofleavesperplant,leafarea,totaldrymatterproductionanditsaccumulationindifferentplantpartslikel

eaf, stem and increased number of tillers. Similar results were obtained by Fathima (1990) in 

sweetSorghumcrop. 

The data showed significant difference in harvest index, however, 35 kg P/ha + 1.5 kg 

B/harecorded highest value of (39.98%). However, 30 kg P/ha + 4.5 kg B/ha was found to be 

statisticallyon par with 35 kg P/ha + 1.5 kg B/ha. Lowest harvest index (38.87%) was recorded 

with applicationof25 kgP/ha+4.5 kg B/ha. 

 

 

 

 

 

 

 



 

 

Table. 2Effectofphosphorus and boron on Yield attributes and Yield of foxtailmillet 
S.No. Treatments No.ofprodu

ctivetillers/
m2 

Testwei
ght(g) 

Grain 
yield 

(kg/ha) 

Strawyiel
d (kg/ha) 

Harvesti
ndex(%) 

1. 25 kg P/ha+1.5 kg B/ha 30.33 2.82 1398.00 2145.00 39.46 

2. 25 kg P/ha+3.0 kg B/ha 32.00 2.83 1421.00 2196.00 39.29 

3. 25 kg P/ha+4.5 kg B/ha 36.67 2.85 1461.00 2298.00 38.87 

4. 30 kg P/ha+1.5 kg B/ha 40.67 2.84 1502.00 2326.00 39.24 

5. 30 kg P/ha+3.0 kg B/ha 46.67 2.85 1563.00 2375.00 39.69 

 
6. 30 kg P/ha+4.5 kg B/ha 

 

 50.00 
 

2.86 
 

1592.00 
 

2395.00 
 

39.92 

7. 35 kg P/ha+1.5 kg B/ha 52.67 2.85 1634.00 2423.00 40.28 

8. 35 kg P/ha+3.0 kg B/ha 53.67 2.89 1666.00 2508.00 39.91 

9. 35 kg P/ha+4.5 kg B/ha 54.67 2.88 1695.00 2514.00 40.27 

SEm± 0.40 0.01 11.42 2.52 0.04 

CD(P=0.05) 1.20 - 34.23 7.56 0.11 
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CONCLUSION 

It is concluded that application of treatment 35kgP/ha+4.5kgB/ha performed 

exceptionally in obtaining maximum grain yield of Foxtail millet. Hence, 35kgP/ha+4.5kgB/hais 

beneficial under eastern Uttar Pradesh Conditions.   
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